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(57) ABSTRACT

A method of manufacturing an optical component may
include providing a plate formed from a transparent material,
cutting depth-wise through a planar surface of the plate along
first and second linear directions to define first and second
planar surfaces, and cutting depth-wise through the planar
surface along a curved direction to define a curved surface
such that an optical component is obtained including the first
and second planar surfaces and the curved surface extending
between an edge of the first planar surface and an edge of the
second planar surface.
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1
CONCAVE LENS ASSEMBLY

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority of U.S. Provisional
Application No. 61/849,819, filed Oct. 12, 2012.

FIELD OF THE INVENTION

The present disclosure generally relates to optical devices
and systems, and methods of their manufacture. In particular,
the present disclosure relates to compensating for astigma-
tism caused by an optical component of an optical device and
system.

BACKGROUND OF THE INVENTION

Optical devices and systems often are used to route an
optical signal therethrough, and emit the optical signal so that
the emitted optical signal is directed towards a target. For
example, an optical device may be used to route light supplied
from an optical fiber through several optical components,
such as lenses and other transparent elements, for example,
transparent glass or plastic tubes, of the device, before emit-
ting the light so the emitted light is focused at a predetermined
location external to the device.

In an optical device, the optical properties of optical com-
ponents through which light is passed or which reflect or
refract light may determine transmission characteristics of
the light emitted from the optical device. As is well known,
light is composed of bundles of rays traveling in two planes,
known as tangential and sagittal planes, that are orthogonal to
each other. When light travels through an optical component
of the optical device, the optical properties and geometry of
the outer surfaces of the optical component may cause the two
planes of rays of the light emitted from the optical component
to have different focal lines or points, which is a condition
known as astigmatism.

An optical device often includes an optical component to
compensate for astigmatism expected to be caused by another
optical component of the device, such that the two planes of
rays constituting the light emitted from the optical device may
be focused at a same focal point or line. For example, an
optical probe that operates to emit light having a focus line or
beam waist at a target location external to the probe some-
times includes a transparent tube through which the light is
emitted from the probe. The tube of the probe acts as an
optical lens that causes astigmatism in the light passing there-
through. The optical probe, therefore, includes another opti-
cal component, such as an optical prism, through which the
light passes before the light passes through the tube, and
which causes astigmatism in the light that compensates for
the astigmatism expected to be caused by the tube. The astig-
matism caused by the other optical component, thus, provides
for the desirable condition that the light emitted from the
optical probe has minimal or no astigmatism.

A continuing need exists for an optical component that may
compensate for astigmatism caused by another optical com-
ponent in an optical device and where the optical component
can be manufactured with relative ease and at low cost.

BRIEF SUMMARY OF THE INVENTION

A method of manufacturing an optical component may
include: providing a plate formed from a transparent material,
the plate having a planar surface and a depth, cutting depth-

10

15

35

40

45

2

wise through the planar surface of the plate along first and
second linear directions to define first and second planar
surfaces, and cutting depth-wise through the planar surface of
the plate along a curved direction to define a curved surface
such that an optical component is obtained including the first
and second planar surfaces and the curved surface extending
between an edge of the first planar surface and an edge of the
second planar surface. In an embodiment, the curved surface
may extend from the edge of the first planar surface to the
edge of the second planar surface.

In an embodiment, an optical component may include gen-
erally planar first and second surfaces, and a concave surface.
The first surface may be arranged at a predetermined angle
relative to the second surface such that, when a light beam
enters the optical component at the second surface, the light
beam passes through the optical component and is reflected at
the first surface. The predetermined angle may be an acute
angle, e.g., 45 degrees. The second surface may be mirrored
to facilitate reflection of light incident thereon through the
optical component.

The concave surface may include generally opposing
edges that are spaced apart along an axis extending orthogo-
nally from the second surface and arranged such that light
reflected by the first surface is directed towards the concave
surface. The generally opposing edges may extend in a direc-
tion parallel to a direction that a longitudinal dimension ofthe
concave surface extends, wherein the direction in which the
opposing edges extend is orthogonal to the axis extending
from the second surface. The concave surface is adapted such
that a light beam reflected form the first surface is emitted at
the concave surface such that a first portion of the emitted
beam in a first plane is focused at a first distance from an
imaginary plane extending through the generally opposing
edges of the concave surface, and a second portion of the
emitted beam in a second plane is focused at a second distance
from the imaginary plane, the first distance being greater than
the second distance.

An optical system may include a lens system through
which a beam of light is transmitted and a first optical com-
ponent operatively coupled to the lens system. The first opti-
cal component may include generally planar first and second
surfaces, and a concave surface. The generally planar firstand
second surfaces may be arranged to reflect the beam of light
passing through the optical component at the second surface.
The second surface may be at a predetermined angle relative
to the first surface. The concave surface may include gener-
ally opposing edges that are spaced apart along an orthogonal
axis extending through the second surface.

The optical system may also include a second optical com-
ponent disposed such that a light beam emitted at the concave
surface passes through the second optical component. The
first and second optical components may be adapted such
that, when a light beam passes through the first and second
optical components and is emitted from the second optical
component, a first astigmatism is caused to the light beam by
the first optical component and a second astigmatism is
caused to the light beam by the second optical component, the
combination of the first and second astigmatisms resulting in
the light emitted from the second optical component having
substantially no astigmatism.

These and other embodiments of the present disclosure are
more fully described with reference to the accompanying
figures.

BRIEF DESCRIPTION OF THE DRAWINGS

By way of description only, embodiments of the present
disclosure are described herein with reference to the accom-
panying figures, in which:
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FIG. 1A is a perspective view of an optical assembly;

FIG. 1B is a perspective view of the optical assembly of
FIG. 1A shown relative to another optical component;

FIG. 2A is a perspective view of another optical assembly
with an optical component thereof omitted;

FIG. 2B is a perspective view of the optical assembly of
FIG. 2A shown including the optical component omitted
from FIG. 2A,;

FIG. 3A is a perspective view of a plate from which a prism
has been cut, in accordance with an embodiment of the
present disclosure; and

FIG. 3B is a perspective view of the prism cut from the
plate of FIG. 3A.

DETAILED DESCRIPTION

Particular embodiments of the present disclosure are
described with reference to the accompanying figures. In the
figures and in the following description, like reference numer-
als identify similar or identical elements. Unless otherwise
indicated, the appended drawings are not drawn to scale.

An x-y-z coordinate system having mutually orthogonal x,
y, and z axes is used in FIGS. 1A-3B and referred to in the
description below to describe the configuration of optical
components of the present disclosure, where the x, y, z axes
form planes x-y, X-z, and y-z. In addition, reference is made to
X, v, and z axial lines to describe structural features of an
optical component extending in a direction parallel to or
along the x, y, and z axes, respectively.

An optical assembly 50 is described with reference to
FIGS.1A and 1B. The optical assembly 50 includes an optical
fiber 5, an optical lens system 10 and an optical component or
prism 20. The lens system 10 may include one or more optical
lenses (not shown) that transmit light supplied from the opti-
cal fiber 5 to the optical component 20. The optical compo-
nent 20 is coupled to the lens system 10 at an optical interface
15. The optical interface 15 is formed by a planar surface 17
of'the lens system 10 that faces and is in contact with a planar
surface 29 of the optical component 20. The optical compo-
nent 20 is made of a transparent material, such as plastic or
glass, and is configured in the form of a prism having surfaces
arranged to reflect and then emit light supplied from the lens
system 10 in a predetermined direction.

Referring again to FIGS. 1A-1B, the optical component 20
is in the shape of a triangular prism including the planar
surface 29, a planar surface 27, and a planar surface 25. The
surface 29 extends in a plane parallel to the x-y plane. The
surface 25 extends in a plane parallel to the x-z plane. The
surface 27 and the surface 29 define an angle 0, e.g., 45
degrees, therebetween.

The effect the optical component 20 has on light that is
passed through the optical component 20 and then emitted
from the optical component 20 at the surface 25 is now
described. For simplicity, it is assumed that a light beam I
supplied from the fiber 5 to the lens system 10 is transmitted
by the lens system 10 so that the light beam I is traveling in the
7z axis direction when incident on the surface 29 of the optical
component 20, and that the light beam I incident upon the
surface 29 of the optical component 20 does not have astig-
matism. The light beam I incident on the surface 29 travels
through the optical component 20 in the direction of the z-axis
to the planar surface 27. Based on the angle of incidence of the
light beam I at the surface 27, which is at an angle 6 relative
to surface 29, the surface 27 reflects the beam I in the direction
R, where the direction R is generally in the y-axis direction,
toward the surface 25. The reflected light beam I is then
emitted from the optical component 20 at the surface 25. It is

10

15

20

25

30

35

40

45

50

55

60

65

4

further assumed that the reflected light beam I that is emitted
at the surface 25 does not have astigmatism.

The light beam I that is emitted from the optical component
20 at the surface 25 is formed from rays traveling in the
orthogonal x-y and y-z planes, as represented by the planar
shapes A, B, respectively. As shown in FIG. 1A, since the
surface 25 is planar, i.e., not curved, the beam waists j, 1, i.e.,
the location at which the spot size of the beam is at a mini-
mum, in the x-y plane (planar shape A) and y-z plane (planar
shape B), respectively, are at the same position.

Positioning a transparent element 40, e.g., a lens, in the
path of the light emitted from the optical component 20 at the
surface 25 may have an effect upon the emitted light, where
the effect depends on the shape and optical properties of the
element 40. As shown in FIG. 1B, a transparent element 40,
such as a concave lens having concave shaped surfaces 30 and
32, may be positioned over the surface 25 of the optical
component 20 such that the reflected light emitted at the
surface 25 passes through the surface 30, portion 31 of the
lens 40 between the surfaces 30 and 32, and then is emitted
from the element 40 at the surface 32. As shown in FIG. 1B,
after the light emitted at the surface 25 passes through the
concave lens 40, the beam waist i in the y-z plane (shape B) is
closer to the surface 25 than the beam waist j in the x-y plane
(shape A).

The effect that a lens, which has curved surfaces, such as
concave lens 40, and is external to a first optical component of
an optical device, and through which light emitted from the
first optical component passes, has upon the light emitted
from the first optical component, may be compensated for by
having the light pass through another, second optical compo-
nent with a curved surface, i.e., another lens, of the optical
device before the light is emitted from the first optical com-
ponent of the optical device toward the external lens. As
discussed above (see FIG. 1B), the curved shape of the sur-
faces 30 and 32 of the lens 40 may cause the light emitted
from the optical component 20 to have astigmatism.

By providing another, second optical component in the
form of a lens with curved surfaces through which light
passes before being emitted from a first optical component of
an optical device toward an external lens, astigmatism may be
caused in the light emitted from the first optical component to
compensate for the astigmatism caused by the external lens,
such that the light ultimately emitted from an optical system
including the optical device and the external lens has minimal
or no astigmatism.

In an embodiment as shown in FIGS. 2A-2B, an optical
assembly 100 includes an optical component 150 having a
concave surface 155. The optical assembly 100 is substan-
tially similar to the optical assembly 50 with the exception
that optical component 20 has been replaced by optical com-
ponent 150. The optical assembly 100 includes optical fiber 5
and optical lens system 10, as in the optical assembly 50, and
the optical component 150. The optical component 150 is
similar to the optical component 20 with the exception that
the optical component 150 includes the concave surface 155
as opposed to planar surface 25. The optical component 150
is coupled to the lens system 10 at optical interface 15, which
is formed by planar surface 17 that contacts planar surface 29
of the optical component 150.

The concave surface 155 is a plane curve defined between
a first edge 163, which extends in a direction of an axial line
x1, and a second edge 165, which extends in a direction of an
axial line x2. The plane curve of the surface 155 extends in a
negative y-axis direction from each of the first and second
edges 163, 165, forming a concave surface that bulges
inwardly in a direction away from an imaginary x-z plane V,
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which extends through the edges 163, 165 of the component
150. The concave surface 155 has a longitudinal dimension
extending in a direction of the x-axis and an axial line x3
extends through points of greatest depth along the longitudi-
nal length of the concave surface 155. In some embodiments
of the optical component 150, the edge 163 of the concave
surface 155 is also the edge of the planar surface 29 such that
the concave surface 155 and the planar surface 29 share a
common edge extending in a straight line, and the edge 165 of
the concave surface 155 is also the edge of the planar surface
27 such that the concave surface 155 and the planar surface 27
share a common edge extending in a straight line. Similar to
the optical assembly 50, when a light beam I is incident upon
the surface 27 of the optical component 25 of the assembly
100, the light beam enters and passes through the component
150 and is reflected by surface 27 in direction R generally in
the y-axis direction and toward concave surface 155.

As shown in FIG. 2A, the concave surface 155 is adapted
such that the light emitted from the optical component 150 at
the surface 155 has the characteristics that the portion of the
emitted light that is in the y-z plane (represented by planar
shape C) has a beam waist k that is at a first distance D1 from
imaginary x-z plane V, and the portion of the emitted light that
is in the x-y plane (represented by planar shape D) has a beam
waist 1 that is at a second distance D2 from the plane V, where
the first distance D1 is greater than the second distance D2. In
particular, the portion of the emitted light in the x-y plane
(represented by planar shape D) propagates away from the
surface 155 as a converging beam portion that converges to
the beam waist 1 at the second distance D2, and then propa-
gates as a diverging beam portion from the second distance
D2 to distances greater than the second distance D2 from the
plane V. In other words, the portion of the emitted light that is
in the x-y plane (represented by planar shape D) propagates as
a diverging, i.e., widening, beam portion as the distance the
beam portion propagates away from a distance D2 from the
surface 155 increases. The portion of the emitted light in the
y-z plane (represented by planar shape C) propagates away
from the surface 155 as a converging beam portion that con-
verges to a beam waist k after propagating a first distance D1
from the plane V, which is a greater distance away from the
surface 155 than the distance that the portion of the emitted
light in the x-y plane (represented by planar shape D) propa-
gates before converging to the beam waist 1. The first distance
D1 from the plane V at which the beam waist k of the portion
in the y-z plane is located is a function of the concavity of the
surface 155, such that the greater the concavity of the surface
155 in the negative y-axis direction, the greater the first dis-
tance D1. Conversely, the lesser the concavity of the surface
155 in the negative y-axis direction, the smaller the first
distance D1.

The degree of concavity of the surface 155 may be selected
in view of the curvature of surfaces of an external optical
component, such as the surfaces 30, 32 of the component 40,
through which the light emitted at the surface 155 is to pass
through, such that the light emitted from the optical compo-
nent 150 and then passes through the external component 40
is emitted from the component 40 with minimal or no astig-
matism.

As shown in FIG. 2B, the component 150 may be provided
with the curved surface 155 such that the beam waists k, 1in
the y-z plane (planar shape C) and in the x-y plane (planar
shape D) respectively of the light beam I emitted from the lens
40 are at the same distance from the imaginary plane V.

During use, the optical assembly 100 may be used to illu-
minate objects or structures. Medical uses for the optical
assembly 100 may include illuminating internal body struc-
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tures during a minimally invasive surgical procedure. The
optical assembly 100 may be adapted such that the spot size of
the light beam emitted from the assembly 100 may corre-
spond with the structures that are desired to be illuminated. In
an embodiment, the light beam emitted from the assembly
100 may be elliptical and have a spot size of approximately
between 5 and 100 pm. In an embodiment, the assembly 100
may be adapted to provide that the spot size of the emitted
light beam may facilitates the illumination and identification
of particular cells, e.g., cancer cells.

A method of manufacturing the optical component 150 is
described with reference to FIGS. 3A and 3B. As shown in
FIG. 3A, a plate P, e.g., a glass or a polymer, is provided.
Optical component 150 may be cut from the plate P. The
shape of the optical component 150 is formed by cutting the
desired shape from the plate P. The planar surfaces 27 and 29
may be formed by using a tool, such as a laser or other cutting
instrument, that cuts depth-wise, in a direction of the x axis,
into the plate P. Further, the concave surface 155 may be
formed by using the same tool and cutting depth-wise into the
plate P, in a direction of the x axis, along a desired radius of
curvature G. The shape of the optical component 150, thus,
may be completely formed by cutting only depth-wise, in a
direction of the x axis, into the plate P. The manufacture ofthe
optical component 150 is easily performed simply by cutting
depth-wise into the plate, and there is no need to perform any
further cutting or shaping after removal of the optical com-
ponent 150 from the plate P, following such cutting.

Although the invention herein has been described with
reference to particular embodiments, it is to be understood
that these embodiments are merely illustrative of the prin-
ciples and applications of the present invention. It is therefore
to be understood that numerous modifications may be made
to the illustrative embodiments and that other arrangements
may be devised without departing from the spirit and scope of
the present invention as defined by the appended claims.

The invention claimed is:
1. An optical system comprising:
a lens system through which a beam of light is transmitted;
and
a first optical component operatively coupled to the lens
system, the first optical component comprising:
generally planar first and second surfaces, wherein the
first surface is arranged at a predetermined angle rela-
tive to the second surface such that, when a beam of
light enters the optical component at the second sur-
face, the light beam passes through the optical com-
ponent and is reflected at the first surface; and
a concave surface curving inwardly and including gen-
erally opposing first and second edges, the generally
opposing first and second edges being spaced apart
and extending along respective first and second axes,
the first axis confronting or co-extensive with the
second surface, the concave surface arranged such
that light reflected by the first surface is directed
towards the concave surface,
wherein an imaginary plane extends through the gener-
ally opposing first and second edges, and wherein the
concave surface is adapted such that a light beam
reflected from the first surface through an interior of
the optical component to the concave surface is emit-
ted at the concave surface such that a first portion of
the emitted beam in a first plane has a beam waist at a
first distance from the imaginary plane and a second
portion of the emitted beam in a second plane has a
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beam waist at a second distance from the imaginary
plane, the first distance being greater than the second
distance.

2. The optical system of claim 1, wherein the generally
opposing first and second edges extend in a direction parallel 5
to a direction that a longitudinal dimension of the concave
surface extends, wherein the direction in which the opposing
first and second edges extend is orthogonal to an axis extend-
ing away orthogonally from the second surface.

3. The optical system of claim 1, wherein the predeter- 10
mined angle is acute.

4. The optical system of claim 1, wherein the predeter-
mined angle is 45 degrees.

5. The optical system of claim 1, wherein the first surface is
reflective to facilitate reflection of light incident thereon 15
through the optical component.

6. The optical system of claim 1 further comprising a
second optical component disposed such that a light beam
emitted at the concave surface passes through the second
optical component. 20

7. The optical system of claim 6, wherein the first and
second optical components are adapted such that, when a
light beam passes through the first and second optical com-
ponents and is emitted from the second optical component, a
first astigmatism is caused to the light beam by the first optical 25
component and a second astigmatism is caused to the light
beam by the second optical component, a combination of the
first and second astigmatisms resulting in the light emitted
from the second optical component having substantially no
astigmatism. 30



